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Introduction
Background
The Low-Activity Waste Pretreatment System (LAWPS) provides for the initial production of immobilized low-activity waste (ILAW) by feeding low-activity waste (LAW) directly from tank farms to the LAW Facility at the Hanford Tank Waste Treatment and Immobilization Plant (WTP) for immobilization. Prior to the transfer of feed to the WTP LAW Facility, tank supernatant waste will be treated in the LAWPS to meet the WTP LAW Facility waste acceptance criteria. The key process operations for treating and immobilizing the waste include solids filtration, cesium removal, and, finally, vitrification of the LAW.
A small-scale test platform to demonstrate these processes is located at the Pacific Northwest National Laboratory (PNNL) 325 Building, also known as the Radiochemical Processing Laboratory (RPL). The feed identified for the testing described herein is approximately 9 liters of decanted AP-107 tank waste supernatant. The purpose of this testing was to a) demonstrate dead-end filtration of AP-107 feed to obtain TSCR prototypic flux rates and identify issues that may impact filtration, and b) provide feed to ion exchange (also part of the test platform).
Similar filtration testing was performed on AP-107 supernatant in fiscal year (FY) 2018 (Geeting et al. 2018) ; however, the current testing campaign was conducted to more closely mimic operations expected for the Tank Side Cesium Removal (TSCR) Demonstration Project. Main differences between testing campaigns described herein and FY18 include:
 Current testing did not include any crossflow filtration.
 Current testing was performed at a targeted flux of 0.065 gpm/ft 2 planned for TSCR.
Other differences between testing campaigns are manifest in the AP-107 samples received for filtration:
The samples received for current testing had no recoverable solids. The samples received for FY18 testing had recoverable solids. This difference in solids content is likely because the FY18 samples were taken within a few weeks of water addition and tank recirculation, while the samples taken for the current work had no recorded tank additions or recirculation for 14 months prior; see email from Washington River Protection Solutions (WRPS), included as Appendix A to this report. Figure 1 .1 shows a schematic of the backpulsed dead-end filter apparatus (BDEF) system installed in the shielded analytical laboratory hot cells located in the RPL. The AP-107 slurry feed was introduced into the system through the slurry reservoir. A rotary lobe pump (powered by an air motor) pumped the slurry through a recirculation loop containing a magnetic flow meter and filter assembly. Adjusting the air motor supply pressure (and thus the pump speed) and the throttle valve controls the slurry velocity and pressure. Note that the two crossflow filters (CFFs) shown in the figure were not used in testing.
BDEF
The filter differential pressure is measured with a single differential pressure transducer with pressure taps immediately before and after the BDEF. The feed is filtered as it flows through the BDEF and the filtration rate is controlled by a mass flow controller (MFC). The permeate flowrate is measured with the Coriolis flowmeter and/or the glass flow meter. The BDEF may be backpulsed with permeate by using compressed air. The backpulse concentrate is removed from the system and collected at the BDEF sample/flush port. During testing, the slurry temperature was maintained at 25 ± 5 °C by a 1000 W chiller that circulates chilled water through an in-line shell and tube heat exchanger. RPT-DFTP-015, Rev. 0 Introduction 2 The test filter for the BDEF was a Mott 6480-1/2-6-5, modified 1 to 2.75-in. filter active length. The filter element is fabricated from a seamless sintered stainless steel tube that is closed on one end. The other end is welded to a pipe-reducing bushing. The filter is cylindrical with dimensions of 3/8-in. diameter x 2.75in. length and has a filtration area of 3.24 in 2 . Figure 1 .2 shows a drawing of the Series 6480 filter.
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DEF
The test filter for dead-end filtration is a Mott 70-mm disc test filter, which is a commercial off-the-shelf dead-end filter apparatus (DEF) designed for feasibility studies at the laboratory bench scale. Figure 1 .3 shows the configuration of the disc filter assembly. The 70-mm disc test filter is a barrier type filter with an available filter area of approximately 4.4 in 2 . The Mott filter media is stainless steel sintered metal and is available in various filter grades (0.1, 0.5, 1, 5, 10 μm). Grade 5 filter media was used for testing. Figure 1 .4 shows a schematic of the DEF test apparatus. The dilute slurry feed is introduced to the system through the feed reservoir. Compressed air may be supplied to the top of the reservoir to push the feed through the test filter, or if the filter has high permeability, filtrate may pass through the filter due to pressure from its own weight. Filtrate passes through the filter and the transmembrane pressure (TMP) and filtrate mass are measured as a function of time. This filter system has the advantage of having no minimum volume necessary to operate. Therefore, the DEF was used to filter the final 2 liters of AP-107 feed drained from the BDEF system. 
Quality Assurance
This work was conducted with funding from WRPS under contract 292592, DFLAW Feed Qualification Maturation. The work was conducted as part of PNNL Project 69833.
All research and development (R&D) work at PNNL is performed in accordance with PNNL's Laboratory-Level Quality Management Program, which is based on a graded application of NQA-1-2000, Quality Assurance Requirements for Nuclear Facility Applications (ASME 2000) . To ensure that all client quality assurance (QA) expectations were addressed, the QA controls of the WRPS Waste Form Testing Program (WWFTP) QA program were also implemented for this work. The WWFTP QA program implements the requirements of NQA-1-2008, Quality Assurance Requirements for Nuclear Facility Applications (ASME 2008), and NQA-1a-2009, Addenda to ASME NQA-1-2008 (ASME 2009), and consists of the WWFTP Quality Assurance Plan (QA-WWFTP-001) and associated QA-NSLWnumbered procedures that provide detailed instructions for implementing NQA-1 requirements for R&D work.
The work described in this report was assigned the technology level "Applied Research," and was planned, performed, documented, and reported in accordance with procedure QA-NSLW-1102, Scientific Investigation for Applied Research. All staff members contributing to the work received proper technical and QA training prior to performing quality-affecting work.
Test Conditions
Thirty-six supernatant samples (~250 mL each) were taken from tank AP-107 in December 2018 and transferred to the RPL. Filtration testing occurred in April 2019 and evaluated two sintered metal Mott filters:
1. The BDEF is a sintered metal Mott grade 5 in-line filter (model 6480) with a 3/8-in. outside diameter, 1/4-in. internal diameter, 2.75-in. active length, 1 and 3.24-in 2 (0.023-ft 2 ) filter area. This filter is the same filter used in previous AP-107 testing (Geeting et al. 2018 ). This filter was acid cleaned and rinsed prior to use.
2. The DEF is a sintered metal Mott grade 5 disc filter, 1/16-in. thick, 4.4-in 2 filter area. This filter was new at the start of testing.
BDEF Testing
The BDEF system was acid cleaned with 2 M nitric acid and 0.5 M oxalic acid before testing. The evolutions used to test the AP-107 are outlined below. 3. Continued the filtration of AP-107 with BDEF at 0.33 liters/hr. Conducted backpulse near end of testing. Filtration continued until 2918 g of feed was left in the BDEF system. The BDEF filter was backpulsed again at the conclusion of filtration.
4. Drained BDEF system (drained AP-107 was used for DEF testing).
5. Acid cleaned filter: The BDEF filter was cleaned using 2 M HNO 3 cleaning solutions.
6. CWF: After cleaning, the BDEF was rinsed and another CWF test was executed on the filter. 7. The BDEF was laid up for storage in accordance with the operating procedure. Table 2 .1 provides a mass balance for BDEF testing. A total of 11,645.9 g of AP-107 supernatant was added to the BDEF system during testing. A total of 11,433.5 g was accounted for. The missing mass (212.4 g) is likely due to evaporation and material that wets the inside of the BDEF system and is not recoverable, and represents less than 2% of the initial feed.
DEF Testing
The evolutions used to test the AP-107 in the DEF are outlined below.
1. Performed CWF test.
2. Added AP-107 (drained from BDEF system) and filtered using static head pressure of feed. A total of three bottles were added to the DEF, so this filtration was repeated a total of three times.
3. Inspected filter for solids.
4. Rinsed DEF system and performed a CWF test. Figure 3 .1 plots the data from the first day of filtration and Figure 3 .2 plots the data from the second day. The filtration rate was controlled with a MFC set at 0.33 liters/hr (0.065 gpm/ft 2 ). The range on the y-axis was selected to be 0-2 psig because during proposed operations for TSCR a backpulse is triggered when the differential pressure rises above 2 psig; thus, 2 psig represents an upper operational bound. The pressure stayed at the low end of the operational range for the entire filtration campaign and averaged 0.045 psig the first day (Figure 3 .1) and 0.050 psig the second ( Figure  3 .2).
Results
BDEF Filtration Results
The original plan called for backpulsing at the end of day 1; however, because the TMP was not increasing (indicating few to no solids in the feed), the decision was made to delay backpulsing until the second day when more feed had been processed. The first backpulse occurred at approximately hour 8 on the second day (Event i on Figure 3 .2). No solids were observed in the concentrate from the backpulse and no decrease in the TMP after backpulsing was observed. A second backpulse was conducted at the conclusion of testing (Event l on Figure 3 .2), again with no solids observed in the concentrate.
The operation of the BDEF system with the Brooks Quantim MFC produced several discontinuities and deviations as a result of control issues. Table 3 .1 highlights the key events and issues that resulted in less than optimal flow rate control. About an hour into AP-107 dewatering on the first day, oscillation of permeate flow rate began to increase (Event a). It was determined that this was a result of the MFC electrical connection cable shaking loose due to of the slurry pump's vibration. This connection was secured more tightly and then monitored periodically throughout the rest of the dewatering (Event b).
After 3 hours of dewatering on the first day of filtration, a sharp rise in permeate flow rate was observed (Event c). This spike was roughly 45% greater than target flow rate of 0.33 liters/hr. The cause of this spike is unknown and the manual needle valve on the permeate side was closed slightly to try to gain control. This did not aid in control. In an effort to bring the permeate flow rate back to the target value, the MFC's power supply was reset (Event d). This did not correct the control problem, but the flow rate did slowly decrease back to the target 0.33 liters/hr. Another spike occurred at 5 hours and 34 minutes of dewater (Event e); again, the cause of this is unknown. The manual needle valve on the permeate side was opened slightly to try to gain control and the again the flow rate did slowly decrease back to the target 0.33 liters/hr.
During the second day of filtration, an error code on the MFC was noted 6 minutes into dewatering and the instrument was reset (Event f). After fully opening the manual permeate side needle valve and placing the set point controller back to 0.33 liters/hr, the flow rate returned to equilibrium (Event g). A quick battery swap for the MFC set point controller occurred at 4 hours and 14 minutes into dewatering and is noted as Event h.
The first backpulse occurred 7 hours and 32 minutes into dewatering on the second day after 7350.9 g of AP-107 feed had been dewatered (Event i). An error code was again displayed on the MFC after dewatering resumed (Event j) and troubleshooting again led to the MFC power supply reset (Event k). This corrected the control problem and permeate flow resumed at 0.33 liters/hr. A second backpulse occurred at the end of dewatering after filtering another 1223.1 g of AP-107 feed (Event l).
Because of the difficulties in controlling the feed rate, the average and standard deviation was examined during times when the MFC was providing good control. During the last 2 hours shown in Figure 3 .1, the average TMP was 0.041 psi with a standard deviation of 0.024.
Darcy's law relates the flow rate through a porous media to the pressure drop causing that flow: Figure 3 .5 show the CWF of the media grade 5 BDEF filter before testing and after testing. In both cases, the filter was acid cleaned and rinsed just prior to the CWF test. The CWF tests were conducted at a nominal 0.33 liters/hr permeate rate controlled by the MFC. The TMP averaged 0.030 and 0.015 psi (with standard deviations of 0.03 and 0.006) in the pre-and post-CWF tests, respectively. The standard deviation in the first CWF test is comparable to the average pressure and suggests that the averages reported here are not significantly different than zero (i.e., outside the ability to quantify). 
DEF Filtration Results
AP-107 drained from the BDEF system was filtered through the DEF (grade 5 filter). No solids were observed on the filter at the completion of filtration. The AP-107 was filtered in three batches, with no external pressure applied to the filter assembly. 1 That is, the pressure for filtration was due to the static pressure head of the feed inside the DEF. Figure 3 .6 shows the volume of feed filtered as a function of time for the three batches of AP-107 feed and the CWF data for this testing. Figure 3 .7 shows the average filter resistance of the three batches of AP-107. The three batches show only a very minor increase in resistance during testing, within the experimental uncertainty. The average resistances for the three batches were 6.4 E8, 6.8 E8, and 6.8 E8 m -1 , respectively. The DEF filter exhibited virtually no flux decay and the measured resistances were consistent with a clean filter.
1 Air pressure was only applied to the DEF at the very end of Batch 3 to clear filter of AP-107 feed. Data from clearing the filter is not shown in Figure 3 .6 or 3.7. 
Sample Analysis
Three permeate samples (TI-059-E2-P1-A, TI-059-E2-P2-A, TI-059-E2-P3-A) were collected at the approximate beginning, middle, and end of filtration testing, respectively. These samples were submitted for the following analysis:
 Inductively coupled plasma atomic emission spectrometry (analytes of interest [AOI]: Na, K, Mg, Ca, Fe, Al, Si, P, S, Cr)
 Total inorganic carbon and total organic carbon (TIC/TOC)  Gamma energy analysis (AOI: 137 Cs, 60 Co, Eu isotopes, 241 Am, 239 Pu)
The first permeate sample (TI-059-E2-P1-A) has analyte concentrations approximately 75% of the latter two permeate samples. This first permeate sample was inadvertently diluted with residual water; analytical results for this sample are not included in this section but can be found in Appendix B.
The BDEF was backpulsed twice during testing and each flush from the backpulse was sampled. Because there were no solids observed, the backpulse samples were combined and centrifuged in an attempt to concentrate and collect any solids. No solids were visible in the combined, centrifuged sample. The top ~2/3 of the sample supernatant was removed by transfer pipette. The bottom fraction was submitted for the same analysis as the permeate to see if there were any measurable differences between the permeate and backpulse samples (TI-059-BDEF-S-A).
Results are summarized below, with full analytical reports provided in Appendix B.
ICP-OES
ICP-OES analyses are provided in Table 3 .2 on a mass per unit volume basis (µg/mL). The top three components measured were Na, Al, and K. The concentrations of the backpulse sample match the two permeate samples, with the exception of Ca and Si. The reason for these differences is not known. Table 3 .3 and are relatively consistent. For comparison, TOC of a backflush from previous AP-107 filtration testing (Geeting et al. 2018) , was 17,963 mg carbon/liter, but the sample did have visible solids. This result is consistent with the conclusion made in 2018 that the solids found in AP-107 are high in organic carbon.
Comparison of TOC levels of TI-059-BDEF-S-A with results from previous testing indicates little to no solids in the backflush sample, which is consistent with other measurements and observations in this report. Table 3 .4. As expected, the predominant gamma activity was from 137 Cs, which is soluble and expected in all samples. Plutonium and americium, which are generally insoluble in tank waste, are below the detection limit for all samples. This result is consistent with no solids in the backpulse sample. 
Conclusions
Based on the results of filtration experiments on AP-107, the following observations and conclusions were made:
 The media grade 5 BDEF filter was run at the TSCR targeted flux of 0.065 gpm/ft 2 and the filter exhibited no measurable increase in resistance over almost 20 hours of testing (and ~3 m 3 of permeate produced per m 2 of filter area).
 There were no observable solids in the AP-107 sample received [in contrast to sample received and filtered in FY18 (Geeting et al. 2018) ]. The BDEF filter was backpulsed after approximately 18 hours of filtration with no observable solids in the backflush concentrate. The conclusion of no observable solids is supported by comparison of the chemical analyses of the permeate and backflush samples.
 Both filters used in testing were Mott media grade 5 sintered metal filters, which is the filter manufacturer, type, and grade planned for the TSCR demonstration. Results indicate that the TSCR filter should perform well when processing AP-107 supernatant.
AP-107 drained from the BDEF system was filtered through a media grade 5 70-mm disc filter (DEF) and no solids were observed on the filter at the completion of testing. The DEF filter exhibited virtually no flux decay and the measured resistances were consistent with a clean filter.
